Introduction Re-operation is advised for patients with T1b or greater incidental gallbladder cancer (GBCA). The presence of residual disease (RD) impacts resectability, chemotherapy, and survival. This study created a preoperative model to predict RD at re-operation. Methods Patients with re-operation for incidental GBCA from 1992-2015 were included. The relationship between pathology data from initial cholecystectomy and RD at re-operation was assessed with logistic regression and classification and regression tree (CART) analysis. Results Two hundred fifty-four patients were included and 188 underwent definitive re-resection (74.0%). Distant RD was identified in 69 (27.2%) patients and locoregional only RD in 82 (32.3%). On multivariate analysis, T3 (OR 22.7, 95% CI 5.5-94.4) and poorly differentiated tumors (OR 4.3, 95% CI 1.4-13.3) were associated with RD (p < 0.001-0.012). AUC of multivariate model was 0.78 (95% CI 0.72-0.83). CART analysis split patients into groups based on percentage with RD: 87% RD with T3, 67% RD with T1b/T2 and poorly differentiated, and 35% RD with T1b/T2 and well/moderate differentiated tumors. Conclusion Based on T stage and grade from cholecystectomy, this study developed a model for predicting RD at re-operation in incidental GBCA. This model delineates patient groups with variable percentages of RD and could be used to stratify high-risk patients for prospective trials.
Introduction
Incidental gallbladder cancer is diagnosed following cholecystectomy for presumed benign biliary disease. It is a rare malignancy with a variable prognosis based on the extent of tumor invasion. 1 In patients with invasive tumors greater than T1a (T1b, T2, T3), re-exploration and definitive resection is recommended when there is no evidence of disseminated metastases. Definitive re-operation includes resection of hepatic segments 4 and 5 and portal lymphadenectomy; however, to obtain tumor clearance, resection may also include major hepatectomy, bile duct excision, or extra-organ resection. 6 Previous studies have found that survival following reresection is associated with the depth of tumor invasion (T stage) and residual tumor. 3 The likelihood of finding residual disease (RD) also increases with T Stage, and RD appears to be a strong determinant of overall prognosis.
3 , 7 -9 Involvement of regional lymph nodes, while also prognostic, is not routinely available with the cholecystectomy specimen and unknown until re-operation and staging. 10 Utilizing only factors available from the pathology report from the original cholecystectomy, a recent study found univariate associations between T stage, grade, lymphovascular invasion (LVI), and perineural invasion (PNI) with locoregional residual disease, distant residual disease and overall survival. 11 Preoperative prediction of residual disease has the potential to impact patient management and selection for modified treatment strategies.
Gallbladder cancer has a propensity for early recurrence at local and distant sites. 12 Therefore, one of the clinical challenges in incidental gallbladder cancer is predicting the patients that will have residual disease at re-exploration and early progression following surgery. Identification of high-risk patient populations with residual disease may introduce discussions regarding treatment with neoadjuvant chemotherapy. 12 This treatment strategy is employed in other aggressive malignancies such as gastric cancer, and would improve patient selection and observation of disease biology prior to attempted re-resection.
13 , 14 Patients with progression on standard chemotherapy could be spared an operation focused on local control and staging.
Due to the novelty and clinical significance of a prognostic model for incidental gallbladder cancer, this concept warranted exploration within a large surgical series. Furthermore, additional factors such as margins may improve upon the predictive accuracy for residual disease. The aim of this project was to create a preoperative model to predict residual disease status at re-operation in incidental gallbladder cancer.
Methods

Patients and Data Collected
Approval was obtained from the Institutional Review Board for waiver of informed consent. All patients evaluated by a hepatopancreatobiliary surgeon at Memorial Sloan Kettering Cancer Center (MSKCC) were entered into a prospectivelymaintained database. Patients with the diagnosis of gallbladder cancer from 1992 to 2015 were included. Two hundred and eighty-eight patients underwent re-operation for incidentally discovered GBCA. Patients were excluded if definitive surgery was performed at another institution or undertaken for strictly palliative reasons (14/288), had a deviation from the expected clinical course with re-operation greater than 1 year following cholecystectomy (3/288), had T1a/Tis or unknown T stage or grade (11/288), or neoadjuvant chemotherapy (6/288). The remaining patients (n = 254) formed the study population. Additional demographic, clinicopathologic, and operative data for analysis were collected from the electronic medical record.
Following diagnosis of incidental gallbladder cancer after cholecystectomy, patients were referred to our institution. Variables recorded from the operative note and original pathology report were depth of invasion (T Stage), histology, grade, lymphovascular invasion (LVI), perineural invasion (PNI), margin status (cystic duct and liver margins), lymph node included in cholecystectomy specimen, positive lymph node, and perforation or aspiration at cholecystectomy.
Clinical Approach and Re-operation
Patients' care was discussed at a multi-disciplinary disease management conference that combined surgeons, medical oncologists, and radiologists. The institutional approach to incidental gallbladder cancer has been previously reported. The extent of definitive resection was determined by the goal of obtaining a negative margin. Patients had segment 4 and 5 resection, major hepatectomy, or extended hepatectomy as appropriate. Lymphadenectomy was performed in the majority of cases and included nodal tissue in the porta hepatis and along the common hepatic artery. The institutional approach to bile duct resection and port site excision varied over the study period. Currently, bile duct resection is not routine and performed only when necessary to obtain negative margins. 6 Port site excision was undertaken according to surgeon preference. In recent years, port site excision is no longer routinely practiced at our institution. 16 Locoregional residual disease was defined as any residual disease in the gallbladder fossa, portal or peripancreatic lymph nodes, or bile duct. Distant residual disease was classified as discontinuous liver metastases or tumor deposits in the peritoneum or abdominal wall. In situations of uncertain residual disease at exploration, partial hepatic resection was performed and the pathology report served as the final determinant. Residual disease as our primary outcome was classified as any locoregional or distant residual disease.
Statistical Analysis
Demographic information, pathologic variables from original cholecystectomy, and re-operative details were described using counts and percentages for categorical variables and medians and ranges for continuous variables. Univariate and multivariate logistic regression was used to assess the relationship between residual disease at re-operation and pathology from incidental cholecystectomy. Variables initially examined included T stage, grade, LVI, PNI, margins, and perforation/aspiration. As this malignancy is diagnosed incidentally and at outside institutions, potentially relevant pathology information was missing for many patients. To determine if the samples with incomplete information were biased, this analysis of prognostic factors included unknown as a separate category. Only unbiased variables significant at p < 0.05 were included in the multivariate analysis.
Additionally, classification and regression tree (CART) analysis using the unbiased variables was employed to determine the optimal variable grouping for the prediction of residual disease. The Gini index was used to grow the tree and the minimum leaf size was set at N = 10. The tree was optimized using cross-validation (n = 10) and cost-complexity pruning.
17 , 18 Exact 95% confidence intervals were included around the terminal leaf proportion estimates.
Overall survival (OS) was calculated from the time of reoperation until death or last follow-up. Patients alive at last follow-up were censored. The relationship between residual disease and OS was modeled using Kaplan-Meier plots and assessed with the log rank test. P values less than 0.05 were considered statistically significant and all analyses were performed using SAS 9.4 (The SAS Institute, Cary, NC).
Results
Patient Demographics and Follow-Up
Overall, 254 patients formed the study population and were included in the analysis (Fig. 1) . Median age at surgery of our sample was 67 years (range 28-90 years) and 171 (67.3%) were female. Residual disease was identified in 151 patients (59.4%), and the absence of residual disease was confirmed by pathology in 103 patients (40.6%). Locoregional only RD was found in 82 patients (32.3%) and included identification of tumor in GB fossa (48/82), bile duct margin (9/82), or lymph nodes (50/82). Among the 69 patients (27.2%) with distant RD, the locations included peritoneum (50/69), discontinuous liver metastases (14/69), and abdominal wall (8/69).
Univariate and Multivariate Logistic Model for Residual Disease
On univariate analysis, T stage, grade, LVI, margins, PNI, and perforation/aspiration were all associated with residual disease 288 patients with surgery for incidental GBCA 
Classification and Regression Tree Analysis
Based on the findings from the univariate logistic analysis, T stage and grade were considered for the CART analysis. After pruning, both variables remained in the final tree. The first split occurred for T stage, resulting in a leaf for T3 tumors with the probability of having RD at 87% (73/84, 95% CI 78-93%). T1b and T2 were grouped together and split on grade for the other two leaves. These leaves consisted of poorly differentiated tumors with a 67% (40/60, 95% CI 53-78%) probability of RD and well and moderately differentiated tumors grouped together with a probability of RD at 35% (38/ 110, 95%CI 26-44%) (Fig. 2) . The cross-validation misclassification rate was 27.7%, with a sensitivity of 74.2% and a specificity of 69.9%.
Overall Survival
As this study focused on preoperative predictors of RD, all patients were included in survival analysis regardless of final resection status. Patients with residual disease identified at reoperation had significantly worse survival with a median of 17.7 months (95% CI 15.3-21.1 months) compared to 84.4 months (95% CI 69.1-145.5) for those patients without residual disease (p < 0.001). The 5-year survival estimates were 13.4% (95% CI 8.6-21.0%) for patients with residual disease and 70.9% (95% CI 61.1-82.8%) for patients without residual disease (Fig. 3) .
Discussion
Incidental gallbladder cancer is a challenging malignancy with a variable prognosis. The current standard of care is re- resection for invasive tumors T1b or greater (T1b, T2, and T3) and no obvious disseminated disease. 5 The rate of residual disease increases with T stage, and previous analyses have demonstrated the presence of RD is associated with poor survival.
3 , 8 Extrapolating from the results of systemic chemotherapy for locally advanced or unresectable gallbladder cancer, patients with high risk of RD could be offered novel treatment approaches, such as neoadjuvant chemotherapy, to improve selection of patients for surgery. 19 This study utilized factors from the pathology report of cholecystectomy specimens to identify groups of patients with variable percentages of RD in incidental gallbladder cancer.
Our results indicated that T stage and grade remained as predictors of residual disease with an AUC of 0.78 on multivariate analysis, and a sensitivity and specificity of 74 and 70% on cross-validation. The original study concept was to identify prognostic factors in addition to T stage; however, our results demonstrated that the odds of having RD for patients with T3 disease were quite high (OR 22.7) and T stage was the first split chosen in the CART analysis. Patients with a T3 tumor had an 87% change of having RD at re-operation. These findings reveal the strength of the association between T stage and residual disease. Additionally, grade was available for all patients and created an additional split on the CART analysis. Patients with T1b or T2 and either well or moderately differentiated tumors had only a 35% probability of RD, while those T1b and T2 patients who were poorly differentiated had a 67% probability of RD. As the finding of RD influences the selection of patients for both adjuvant and palliative chemotherapy, high-risk patients could be considered for neoadjuvant chemotherapy prior to surgery. Preoperative prediction of RD allows a potential re-configuration of the treatment timeline. Survival, while an important outcome, was not the focus of this analysis and is influenced by surgical and postoperative factors not known at the time of selection for preoperative chemotherapy. Risk stratification based on RD directly addressed the aim of this project by identifying high-risk groups for a modified treatment strategy. Other factors, including margins, LVI, and PNI, showed an association with RD on univariate analysis. However, our results suggested that patients with missing data were different from patients where this information was available. For instance, patients who had missing PNI status had higher odds of having RD compared to patients who had PNI marked as negative (OR 3.29, p < 0.001). Following the work by Rubin, it is now recognized that missing data can only be ignored (i.e., patients with missing data can be left out of the analysis) if it is missing at random, that is, if patients with missing data do not constitute a subset with distinctive characteristics. 20 Ignoring missing data can result in under or overestimation of our parameter estimates. 21 , 22 Though it is common to use only complete cases in clinical studies, using complete cases assumes that such missing data are not associated with the outcome. This assumption was violated in our data, and therefore, we did not feel we were able to build a stable prognostic model with these other factors. If this information were to become available, our results could likely change. Therefore, further analyses on these variables were not performed. Given the possibility that LVI, PNI, and margin data would help us better stratify patients into risk groups, we recommend adherence to standardized pathology reports which include these factors. The College of American Pathologists (CAP) has protocols for examination of cholecystectomy specimens with carcinoma of the gallbladder that includes all of these variables. 23 This study forms the foundation for future preoperative models that incorporate additional prognostic variables with minimal unknown data and potential bias. We feel our two-factor model provides a simple to follow flowchart with acceptable accuracy. However, with complete data collected in a prospective setting, an appropriately-weighted score with additional factors could be optimized and validated across centers for future implementation.
Ethun et al. recently published the Gallbladder Risk Score (GBRS) based on univariate significance of LVI, PNI, T stage, and grade. 11 This was the first study to propose a prognostic score to predict RD in incidental gallbladder cancer and prompted investigation of a preoperative model within our data. GBRS groups demonstrated variable percentages of RD and differences in overall survival. This study was encouraging but suffered from similar missing data limitations. While T stage and grade were available for the majority of patients, LVI and PNI were often missing. Complete data was only available for 88 of 262 patients. The low-risk classification only contained four patients, so the effectiveness of the full scoring system could not be assessed.
Our analysis reinforces previously described findings about the poor prognosis of residual disease in incidental GBCA. 8 The median OS for patients with RD at reoperation was 17 months. However, this analysis was not focused on outcomes after re-operation, as it is the presence of residual disease (either distant RD precluding resection or locoregional only after curative surgery) that often influences the decision to treat patients with chemotherapy. Identification of high-risk patients preoperatively means that modified treatment strategies could be explored in the prospective setting regarding the timing of chemotherapy and re-operation. The aim of this strategy is to better select patients most likely to benefit from surgery or neoadjuvant chemotherapy.
Although focused on delayed staging instead of neoadjuvant chemotherapy, one study from the UK proposed a treatment strategy that aims to accomplish similar goals. 24 Ausania et al. reported the strategy at their institution of re-staging at 3 months and selectively with laparoscopy prior to attempted definitive resection. Forty-nine percent (24/49) of their patients avoided operation when re-staging demonstrated inoperable residual disease. By observing tumor biology, patients were spared the morbidity of re-operation. Our stratification system aims to identify similar high-risk disease subsets and provides estimates to assist treating oncologists and surgeons in decision-making.
As a single institution that is a tertiary referral center for incidental GBCA, this study reduces variation in operative and clinical treatments across centers; however, this also impacts the generalizability of our findings to other institutions. 25 , 26 It is possible that the subset of patients referred to our institution is not a representative of all incidental GBCA encountered and managed in the community. Our study was retrospective, and as such, subject to inherent selection biases. In addition, no imaging variables were included in this model. Radiographic assessment of residual disease, though imperfect, could also influence the predictive accuracy of RD. However, the subjective nature of imaging following cholecystectomy and selective utilization means that it is vulnerable to the same potential bias as other variables like LVI, PNI, and margins in retrospective analysis. A prospective setting or trial in incidental GBCA, with standard imaging protocols and technique, will provide further information regarding the impact of radiology in predicting RD. Also, although all cases are currently re-reviewed by expert hepatobiliary pathologists in a standard format, older cases do not follow the same guidelines. There is potential bias according to time period in patients that do and do not have full information. Attempts were made to re-review historical cases with missing information, but according to policy, the slides had been returned to the original hospital. Therefore, a limitation of this study is that the true impact of LVI, PNI, and margin status could not be assessed in our multivariate analysis. Nonetheless, this is the largest, single institution dataset that addresses the ability to predict residual disease in incidental GBCA. Validation of the model in external datasets is necessary for future clinical implementation. We recommend the utilization of a risk stratification system for selection of candidates for neoadjuvant chemotherapy in potential prospective trials.
Conclusion
A model for predicting RD in incidental GBCA was developed using pathology data from the original cholecystectomy. This model delineates patient groups with RD on re-operation, and it could be used to stratify patients for prospective trials of neoadjuvant chemotherapy. Pathologic review of cholecystectomy specimens with gallbladder carcinoma should include these factors in addition to LVI, PNI, and margin status. A prospective setting that minimizes any unknown variables would allow development of a more robust model for RD in incidental GBCA.
